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Spectral graph theory is an important branch of graph theory, which mainly 
utilizes tools and techniques of linear algebra and matrix theory, and is 
concerned with the spectrum of a graph (i.e., all eigenvalues of the adjacency 
matrix of the graph), and the relation between spectrum and structure property 
or invariants of a graph. As the spectra of graphs have quite a few applications 
in quantum chemistry, electrical network theory and oscillation theory, 
particularly since the moment when the fact was discovered that the well-known 
Hückel molecular orbital theory (HMO) is fully equivalent to spectral graph 
theory, it draws many attentions. Spectral technique has become an important 
tool for the study of graph theory and combinatorics. 
The energy of a graph is an important parameter of the graph, which is 
defined to be the sum of the absolute values of eigenvalues of the graph. The 
concept is from chemistry. For most hydrocarbons, the energies of their 
molecular graphs are linearly dependant with their total π -electronic 
energies. Particularly one can get the resonance energies of acyclic 
hydrocarbons by investigating the energies of trees. 
As the spectra and energies of graphs have remarkable application 
background in physics and chemistry, numerous chemists and mathematicians pay 
their attention on them. It is hot to consider extreme graphs with respect 
to spectral radii or energies, to order graphs by their spectral radii or 
energies, and to investigate the relations between the spectral radii or 
energies and other parameters of graphs. 
The thesis mainly investigates the relation between the spectral radii 
and maximum degrees of trees and trees with perfect matchings, and that between 














a tree with a perfect matching that possesses a larger maximum degree, the 
spectral radius is strictly increases with its maximum degree. With this 
result the 9th upto 13th trees in the order of trees by their largest 
eigenvalues are given, as well as the range of the 8th upto 20th trees in the 
order of trees with perfect matchings by their largest eigenvalues is given. 
The extreme trees with respect to energies are also determined in the thesis. 
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设G为 n阶简单图,其顶点集 1 2( ) { , , , }nV G v v v= .G的邻接矩阵 ( ) ( )ijA G a= 为
n 阶矩阵,其中当 iv 和 jv 在 G 中相邻时 1ija = ,否则 0ija = . G 的特征多项式
( , ) det( ( ))P G I A Gλ λ= − ,其中 I 为 n阶单位阵.因为 ( )A G 是实对称阵,所以其 n个特
征值都是实数.不失一般性设 
1 2( ) ( ) ( )nG G Gλ λ λ≥ ≥ ≥ , 
并称它们为图G的特征值.G的特征值的全体称为G的谱.特别的, 1( )Gλ 称为G的最
大特征值,或称为G的谱半径. 









令 nF 和 nT 分别表示 n阶树和 n阶完美匹配树(即具有完美匹配的树)的集合.令
{ | ( ) }n nT T
Δ = ∈ Δ = ΔF F , { | ( ) }n nT T



























Günthard 等在[12]中与 Cvetković等在[13]中揭示了 HMO 理论与图谱理论完全等价,





究领域,大量成果不断涌现.1970 年以前的相关文章就有 83 篇(见[17]).1980 年 
Cvetković、Doob 和 Sachs 的专著 Spectra of graph ([18])综合了几乎所有当时已
知的结果.1988 年 Cvetković、Doob、Gutman 和 Torgašev 的专著 Recent results in 
the Theory of Graph Spectra ([19])又补充了 1978 年到 1984 年图谱理论的新结果,
同时提供了超过 700 条新的参考文献.1995 年出版的 Spectra of graph ([20])第三
版和 1997 年的 Eigenspaces of graphs ([21])增加了最近一个时期图谱理论的新结
果和新论文. 
图的能量是图的一个与谱有关的参数,它来源于化学研究领域.化学家在分析一
个共轭分子的性质时,发现了共轭分子的一个重要参数—总π -电能 Eπ .而 Eπ 可以用
Hückel 分子轨道方法(HMO)方便地求得.虽然用 HMO 方法求得的Eπ 值只是对该分子实
际 Eπ 的一种估计,但有趣的是,这种方法的精度却与更复杂、更精密的自洽场(SCF)分
子轨道模型方法的精度相同.Schaad 和 Hess[22]做出的结果很好地支持了这一结论,
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2CRE E nπ == − . 








或 能 量 与 图 的 其 他 参 数 之 间 的 关 系 成 了 近 二 十 几 年 来 的 一 个 热 门 课






































定理 1.2.1.设 1T和 2T 是 nF 中的树, 4n ≥ .若 21 3( ) 1
nT ⎡ ⎤⎢ ⎥
⎢ ⎥
Δ ≥ − 且 1 2( ) ( )T TΔ > Δ ,则有
1 1 1 2( ) ( )T Tλ λ> . 
依据这一定理,当 12n ≥ 时,我们方便地确定了n阶树依谱半径的排序中的第九到
第十三个树. 
第三章研究 2n m= 阶完美匹配树(即 2mT 中的树)的谱半径.徐光辉[58]与常安
[30]研究了 2m阶完美匹配树依谱半径的降序排序问题,给出了该序中前 7 个树.我们
通过考察这 7 个树的特征,类似于第二章,证明了对于具有较大最大度的完美匹配树,
其谱半径随其最大度的增大而增大,即 
定理 1.2.2.设 1T 和 2T 是 2mT 中的树, 4m ≥ .若 21 3( )
mT ⎡ ⎤⎢ ⎥
⎢ ⎥
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1 1 1 2( ) ( )T Tλ λ> . 
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第二章 树的谱半径 






设G为 n阶简单图,其顶点集 1 2( ) { , , , }nV G v v v= .G的邻接矩阵 ( ) ( )ijA G a= 为 n
阶矩阵,其中当 iv 和 jv 在 G 中相邻时 1ija = ,否则 0ija = . G 的特征多项式
( , ) det( ( ))P G I A Gλ λ= − ,其中 I 为 n阶单位阵.因为 ( )A G 是实对称阵,所以其 n个特
征值都是实数.不失一般性设 
1 2( ) ( ) ( )nG G Gλ λ λ≥ ≥ ≥ , 






中星图 1, 1n nS K −= 具有最大的谱半径,Hofmeister[28]和常安[29]给出了 n阶树依谱半
径的降序排序中的第二到第八个树.他们的主要结果可归结为如下定理: 
定理 2.1.1 [18、28、29].当 11≥n ,在 nF 中的树依谱半径的排序中 81, ≤≤ iS
i
n
分别排在第一到第八位.其中 1nS 是星 nS ; 82, ≤≤ iS
i
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